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barriers, and may necessitate amputations for infection

control. Despite aggressive debridement, survival cannot be

expected in most victims. Ten of the 12 (83.3%) patients in this

study underwent amputation with only one patient surviving

to discharge. Seven patients were still being treated for

mucormycosis at the time of their death.

Autopsy and death note analysis demonstrated an attrib

utable mortality of mucormycosis of 58.3%. Early diagnosis

prior to viable tissue invasion is the single most important

aspect of mucormycosis management. Current research into

fungal serological assays, such as (1!3) b D glucan (BG) and

galactomannan (GM) assays, has not demonstrated a clear

association with fungal wound infection, fungal wound

colonization, or species of fungus isolated from patients with

a fungal wound colonization or infection [14]. To the detriment

of the patient, mucormycosis is insidious and diagnosis is

often delayed. Such factors prompt the consideration for

active wound surveillance. Specifically, fungal wound cultures

diagnosed Mucor species in 7 out of 12 patients. Prior reports

from our institution have demonstrated mucor like morphol

ogy was only able to be captured 40% of the time on fungal

wound culture. Identification of these fungal infections in a

timely fashion requires a high index of suspicion and may

encourage implementation of an institute specific surveil

lance program for fungal wound colonization/infection. This

has been suggested in Keen’s et al. article for evaluation of

bacterial multi drug resistant species of Acinetobacter and

Pseudomonas; specifically, the utilization of a bedside culture

and/or histological biopsy from wounds would serve as an

adjunctive measure in addition to more traditional means of

clinical evaluation [15].

For healthcare professionals practicing in war zones, the

patient population most at risk for FWI are those suffering

blast injuries, especially casualties with extensive lower

extremity and/or perineal soft tissue loss and traumatic

amputations. In our study, the median time from injury to

diagnosis for these FWI was 10 days [16]. A wound surveillance

screening clinical practice guideline for fungal infections is

currently deployed within the military health care system. The

Joint Theater Trauma System Clinical Practice Guidelines,

Treatment of Suspected Invasive Fungal Infections in War Wounds,

was created to standardize the care of these injuries, from

wounding to hospitalization, in order to systematically

minimize the mortality from these predisposed wounds for

active fungal wound infections [17].

Recently, a tornado in Joplin, Missouri was associated with

13 cases of mucormycosis infections, secondary to the rare

species, Apophysomyces trapeziformis [18]. The mortality of the

victims was reported to be 38% (5 of 13 cases) with all 13

patients undergoing an average of four surgical debridements.

The article does not include the histopathological level of

colonization or invasion or whether formal amputations

occurred. Consequently, the unifying theme of mucor infec

tions is that of a large, open wound often with residual

necrotic tissue regardless of the mechanism of injury that

creates it, be it a tornado or an improvised explosive device. As

such, mucormycosis is an ominous indication of an over

whelming wound burden that mandates immediate and

aggressive surgical intervention and systemic anti fungal

therapy to circumvent further destructive fungal invasion.

As illustrated by our experience in Afghanistan and Iraq, this

often requires amputation to eradicate the fungus and lessen

the wound burden.

This study has several limitations. First, this is a retrospec

tive study and has all the inherent risks of this study design.

Second, several of these patients suffered injuries prior to the

CPG implementation, and may have benefited from earlier

recognition and more aggressive initial surgical and/or in

patient management strategies. Third, the 11 military patients

underwent surgical interventions performed by providers

from Afghanistan to Germany to the United States; this

variability, especially given the small number of patients in

our study, makes it difficult to derive any solid conclusions.

Finally, the delay in histopathological diagnosis from wound

culture or excisional tissue biopsy may have impeded initial

implementation of medical and/or surgical therapy.

5. Conclusion

The incidence of mucormycosis at our burn center is 4.9 per

1000 admissions during this war period which is slightly lower

than previously reported at USAISR. All six patients with

mortality attributable to mucormycosis had invasion into live

tissue (Stage II). We recommend that once recognized, all FWI

undergo immediate surgical debridement so that only viable

tissue remains and the wound is free of fungus on histopath

ological examination. This requires tissue biopsy confirmation

of ‘clear margins,’ which may take a day or more for laboratory

processing. It is therefore incumbent on the surgeon to

aggressively remove all suspicious tissue even if this means

violating anatomic tissue planes to ‘‘stay ahead of the fungus,’’

and necessitates frequent returns to the operating room for

confirmation of fugal eradication. It may also require early and

high amputation(s) and/or disarticulation(s) of an injured

extremity. The goal of operative debridement is to remove all

necrotic and/or infected tissue; but ultimately, survival will

depend on wound closure to protect the remaining tissue from

FWI and to reduce the metabolic burden on the patient.

Amputations and/or disarticulations, although seemingly

heroic measures in these cases, may expeditiously affect

both goals, especially reducing the wound burden to a

manageable size. While concomitant systemic anti fungal

therapy may improve outcomes, extensive surgical debride

ment remains the first line therapy, since necrotic tissue,

which is the nidus for FWI, is not perfused when antifungal

agents are given intravenously. Burn and trauma centers must

remain vigilant for the presence of invasive fungal infection in

severely injured patients with soft tissue injuries as early

detection and aggressive surgical therapy, combined with

systemic antifungal therapy, may improve outcomes. Fur

thermore, combat casualties suffering blast injuries, IED or

RPG, are at an increased risk of acquiring highly lethal

mucormycosis, and military personnel must remain vigilant

when caring for these severely injured patients to closely

monitor for the development of mucormycosis. Consideration

of a standardized protocol and/or surveillance cultures with

adjunctive empiric anti fungal therapy should be standard of

care in those with extensive soft tissue injuries, especially in

the setting of war, major civilian trauma or natural disasters.
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